The purpose of this study was to determine if there are magnetic resonance (MR) characteristics of the medial plica that correlate with the likelihood of plica resection.
T he medial plica of the knee continues to be the subject of moderate controversy. Even the origin of this structure remains debated. Although originally believed to be a remnant of the compartmentalized knee seen during fetal development, recent theories suggest that it is a mesenchymal remnant from multiple cavitations of the fetal knee that begin around fetal week 8.
1,2 Clinically, the medial plica exists as a band of tissue originating medially at the undersurface of the quadriceps tendon (near the suprapatellar plica, if present), which courses medially and obliquely to the medial border of the patella and attaches distally to the synovium, covering the infrapatellar fat pad. [3] [4] [5] This tissue remnant is a common occurrence in the adult knee, with the stated frequency in literature ranging from 19% to 72%. 6, 7 It has also been well documented in the literature to be a cause of knee pain and degeneration. 8 With improved technology, the medial plica is more easily identified with noninvasive imaging techniques, specifically magnetic resonance (MR) imaging. [9] [10] [11] Clearly, the mere presence of a medial plica does not result in symptoms in a large segment of the general population. This study serves to examine the characteristics of medial plicae on MR imaging with correlation to arthroscopic findings so as to better determine which MR patterns are more likely to represent a symptomatic medial plica with resultant resection.
MATERIALS AND METHODS
In a 6-month review of MR knee examinations, we identified 70 knee MR studies on 69 patients who had subsequent arthroscopy within an additional 6 months at our institution. Four studies in 4 individual patients were eliminated because of patient motion, extensive trauma preventing the accurate evaluation of the medial plica, or an unavailable arthroscopic report. The remaining study population of 66 studies from 65 patients consisted of studies on 28 women and 37 men. The patients' ages ranged from 10-78 years, with a mean age of 39 years. The indications for arthroscopy were meniscal pathologic findings in 33 cases, chondromalacia of the patella in 9, chondromalacia of the medial femoral condyle in 3, nonspecified chondromalacia in 2, cruciate ligament injury in 12, pain in 2, and osteonecrosis in 1. Four patients had suspected plica syndrome as a primary indication for arthroscopy. Two others had a secondary indication of suspected plica syndrome per the operative note. Images were obtained on a 1.5-T imager (Signa; GE Medical Systems, Milwaukee, WI). Fat-suppressed, fast spin echo, T2-weighted axial images were obtained with 2 acquisitions and a matrix of 256 × 192, repetition time of 3500-3667 milliseconds, and echo time of 65-70 milliseconds.
The readers, 1 experienced musculoskeletal radiologist and 1 second-year radiology resident, underwent a "learning session" using previously studied MR knee images of medial plicae to determine criteria and establish consistency. The width of the plica was graded on a scale of 1 to 3, with grade 1 being a small ridge, grade 2 being a width large enough to reach the trochlear cartilage if no joint fluid were present, and grade 3 being sufficient to reach the midline in a nondistended joint. The thickness of the plica was also graded at the level of the medial femoral condyle: grade 1 was less than 1 mm, grade 2 was less than 3 mm, and grade 3 was 3 mm or greater. Joint fluid was graded on a scale of 1 to 3. Grade 1 effusions have only a small rim of fluid, grade 2 effusions have a larger collection of fluid without patellar displacement, and grade 3 effusions have sufficient joint fluid to somewhat displace the patella.
The study population's MR images were then reviewed independently, and differences were resolved by consensus. The MR images were evaluated for the presence of a medial plica. Identified plicae were then characterized by relative width, thickness, relation to the trochlear cartilage, associated cartilage changes, and effusion. Images were evaluated without knowledge of the arthroscopic reports. The arthroscopy reports were reviewed for mention of a medial plica, comments including inflammation and hypertrophy, changes in the adjacent cartilage, and resection. The arthroscopy on each of these 65 patients was performed by 1 of 7 different orthopedic surgeons. Statistical calculations were completed, using 1 variable, with logistic regression analysis. Statistical significance was set at a P value <0.05.
RESULTS
Magnetic resonance images demonstrated a medial plica in 46 of 66 (69.7%) plicae. Of the 46 observed plicae, the thick- The 6 patients with a preoperative indication of suspected plica syndrome had grade 1 thickness in 4 of 6 patients, FIGURE 1. A 63-year-old man with right knee pain. Axial fatsuppressed, fast spin echo, T2-weighted (3667/70) magnetic resonance image. The thickness was grade 3, and the width was grade 3. This plica (black arrow) was seen and resected at arthroscopy. Note that the plica abuts the medial femoral condyle and that there is irregularity of the trochlear cartilage (white arrow).
FIGURE 2.
An 18-year-old woman with trauma to the left knee. Axial fat-suppressed, fast spin echo, T2-weighted (3517/70) magnetic resonance image. The thickness was grade 1, and the width was grade 2. This plica (arrow) was seen and resected at arthroscopy. There is edema in the medial patella from recent trauma.
FIGURE 3.
A 39-year-old woman with a history of avascular necrosis. Axial fat-suppressed, fast spin echo, T2-weighted (3500/70) magnetic resonance image. The thickness was grade 3, and the width was grade 3. This plica (arrow) was not mentioned in the arthroscopic report. An infarct is noted in the lateral femoral condyle.
grade 2 in 1 of 6, and grade 3 in 1 of 6. The plica width was grade 1 in 1 of 6 patients, grade 2 in 4 of 6, and grade 3 in 4 of 6. Two of these 6 patients had contact between the medial plica and medial femoral condyle or trochlear cartilage. Cartilaginous changes of the patella and medial femoral condyle were seen in 2 of 6 patients, with 1 of 6 showing changes to the patellar cartilage only. There were 3 of 6 knees without cartilaginous changes. Effusions were grade 1 in 3 of 6 knees and grade 3 in 3 of 6.
Of the 66 arthroscopic reports, 16 (24.2%) mention the medial plica. Of these, the medial plica was described as inflamed in 3 reports and thickened in 2, and 8 reports documented cartilage changes. There were 2 reports of cartilaginous change of the patella only, 3 reports of changes to only the medial femoral condyle, and 3 reports of changes to both the medial femoral condyle and patella. All 16 medial plicae that were mentioned were resected. There were 30 medial plicae seen on MR that were not mentioned in the arthroscopic report (see Fig. 3 ). There were no reported plicae at arthroscopy that were not described on the MR review.
Using logistic regression analysis, characteristics that predict resection were as follows: location of plica adjacent to cartilage (P = 0.0786), width of plica (P = 0.0858), thickness of plica (P = 0.1685), and cartilage changes (P = 0.3718). Statistical review of the thickness and width scores added together had a P value of 0.0682 for probability of resection. Statistical significance was set at a P value of <0.05.
Of the 46 patients with MR evidence for medial plicae, 1 surgeon operated on 16; another operated on 12; and the remaining 5 operated on 7, 5, 2, 2, and 2, respectively. Individually, the surgeons resected 9 of 16 knees, 3 of 12, 1 of 7, 3 of 5, 1 of 2, 0 of 2, and 0 of 2. All 16 patients with mention of medial plicae in the operative note underwent resection at that time. There was no significance regarding which surgeon performed the arthroscopy (P = 0.31). All 6 patients with a preoperative indication of suspected plica syndrome had resection during arthroscopy.
DISCUSSION
Synovial folds in the knee are remnants of fetal cavitation of the knee joint seen during normal development. It was previously believed that knee joint compartmentalization versus cavitation was responsible for synovial remnants. Research by Ogata and Uhthoff 1 confirmed that the formation of the knee starts as several small cavitations around 8 fetal weeks, however. These cavitations begin in the patellofemoral and femoromeniscal regions and then develop in the meniscotibial region. As these cavitations coalesce, small amounts of mesenchymal tissue from the cavitations sometimes remain. The plicae are remnants of this mesenchymal tissue. 1, 2 Of all the plicae of the knee, the infrapatellar plica is the most common. It was seen in 65.5% of 200 cadaveric knees in 12 The suprapatellar plica was the next most common, seen in 55.5% of cadaveric knees, and the medial plica was the third most common, seen in 24.5% of cadaveric knees. 12 The lateral plica has also been well documented but is considered rare. 6 The true incidence of the medial plica has been reported with substantial variability. In comparison to the 24.5% occurrence in the cadaveric study, medial plica incidence has been reported as high as 72% in a series of 400 arthroscopies done by Kim and Choe. 7 The medial plica can be responsible for symptoms of pain, snapping, pseudolocking, instability, effusion, and patellar subluxation. 5, 13, 14 Plicae are believed to become symptomatic only after an inciting event, such as trauma or repetitive use in sports. The inflammation from these inciting events results in thickening and eventual fibrosis of the medial plica. Inflammation and scarring of the plica can be seen on a gross specimen as the typically thin, pliable, pink plica becomes erythematous and then thick and glossy white. 3 Continued irritation of and by the plica can progress to intense synovitis with or without erosion of the articular cartilage. Although conventional wisdom is that an underlying injury begins the cascade of a symptomatic plica, Broom and Fulkerson 15 described a series in which 41% of their patients with painful plicae could not give a history of prior knee trauma.
The medial plica was first studied in detail by Iino in 1939, but it was not until 1945 that plicae could be seen with an imaging study, the arthrogram. 5, 16 The conventional arthrogram does not depict the medial plica as well as computed tomography arthrography, which has a reported sensitivity of 95% for detecting medial plicae. 17 Clearly, a noninvasive modality allowing visualization and characterization of plicae is more desirable. Jee et al 18 completed a retrospective review of 155 knees, 55 of which were found to have medial plicae and 100 of which were found not to have medial plicae at arthroscopy. When using axial multiplanar gradient recalled acquisition in the steady state (MPGR) and T2-weighted images in combination, the sensitivity for medial plicae was 95%, with 72% specificity. 18 The medial plica is seen as a low-intensity band on both T1-and T2-weighted images found anterior to the medial condyle of the femur. It is immediately posterior to the fatty triangular-shaped alar fold. 9, 10 There is a fair amount of recent data describing the appearance of plicae with MR and demonstrating that MR has comparable sensitivity and specificity to computed tomography arthrograms for the visualization of medial plicae. 10, 11, 18, 19 The clinical value of specific characteristics of the medial plica on MR imaging, however, has not been fully evaluated. Our research described medial plicae by presence, width, thickness, relation of the plica to the trochlear cartilage, and cartilage changes of the medial femoral condyle.
Our medial plica prevalence of 69.7% is similar to that of previous reports. Of these, there were 16 arthroscopy reports mentioning the presence of medial plicae, all of which were resected. Statistical analysis revealed that location of the plica adjacent to trochlear cartilage and width of the plica were most frequently associated with subsequent resection. There was no statistical significance for either of these characteristics, however, with P values of 0.0786 and 0.0858, respectively. In further analysis, the addition of the numeric score given to each plica for width and thickness trended toward resection, although not significant, with a P value of 0.0682.
Additionally, we propose that width of the medial plica be measured relative to the trochlea, as was done in this study. Prior reports used the patella as the reference for plica width. Because the patella is a mobile structure, the trochlea is a more reliable reference for measurement. An example of this would be in cases with lateral patellar subluxation. In our study, the width of the plica used the width of the trochlea as a reference measure so that capsular displacement by joint effusion did not affect grading of the width.
One limitation of this study is that resection rather than symptoms with resolution was used as our gold standard. Review of the patients' available medical records did not clearly describe symptoms even in those patients in which an inflamed plica was suspected. A second limitation is that multiple surgeons performed arthroscopy on this population, which is less than ideal.
There were several cases of clearly identified plicae on MR that were not mentioned in the arthroscopic report. Some surgeons may have considered this a normal structure not worth noting if not clearly inflamed. For this reason, we did not consider the surgery a gold standard for the presence or absence of a plica and did not evaluate our accuracy. This is an additional limitation. It is not clear if a plica was resected in some cases merely because it was present rather than as a cause of symptoms. Nevertheless, the authors believe this to be a reasonable standard, because not all plica were resected. Our correlation is to likelihood of resection rather than to clear-cut plica syndrome. Because this is a retrospective review of the arthroscopy reports, there is some variability in the documentation and description of medial plicae. Not all the operative reports mentioned the presence or absence of a plica, and fewer discussed any visible abnormality.
A potential limitation of this study is the lack of statistical significance from the limited number of cases and limited number of arthroscopic resections. We believe a greater number of cases might have higher power and show statistical significance for a relation of the plica to the trochlear cartilage and width of the plica as characteristics associated with future resection. Based on this retrospective review, however, no correlation can be made between MR characteristics of medial plicae and subsequent resection.
